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Overview
Cyactiv is a proprietary, GRAS-approved extract from
microalgae. This paper describes the current state of
knowledge involving specific biological mechanisms of action,
proof-of-concept in bioassays, and clinical data in humans on
this product. It also describes the product’s safety profile.
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Cyanophyta and Cyactiv
Cyanophyta is a descriptive term for the many life forms
that are among the most primitive, but also most widely
adapted, organisms on this planet. These are also known
as cyanobacteria or blue-green algae.
These photosynthetic (light-harvesting) organisms have a
unique apparatus to harvest energy from sunlight. Whereas
higher plants rely on chlorophyll and additional red and yellow
light harvesting pigments, the cyanophyta have abundant
amounts of an additional light
harvesting pigment called
Photon
phycocyanin. This intensely blue pigment has given name
to the order (cyan = blue).

Phycobilisome
These organisms inhabit some of the most hostile
(Antenna)
environments on Earth, including Antarctic ice, high
altitude lakes with abundant UV radiation, and desert rocks.
According to the endosymbiotic theory, a primordial species
of cyanophyta gave rise to the chloroplasts (light-harvesting
APC
organelles)
corein all higher plants.

Figure 1. Structural organization of light harvesting antenna complexes
relative to the photosynthetic membrane in the cyanobacteria genus
Arthrospira. Some cyanobacteria, like red algae, contain phycoerythrin
as part of the light harvesting antenna. Phycoerythrin is not pictured
in figure 1.
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Phycocyanin is a fundamental part of the molecular
PS II
light-harvesting
antennae in cyanophyta. Its properties
Reaction
include
a
strong
ability to transfer energy as part of the
center
process of harvesting the sun’s light energy and converting it to
chemical energy. It is this ability to transfer energy that makes
phycocyanin an effective antioxidant, and helps quench
and neutralize free radicals.
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The primary bioactive component of Cyactiv is phycocyanin,
which is known to act as an antioxidant and a selective COX-2
inhibitor i with documented regulating propertiesii iii iv v vi vii viii ix x.

Figure 2. Energy transfer steps involving phycocyanin in the light
harvesting antenna of the cyanobacteria genus Arthrospira.
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In addition to phycocyanin, Cyactiv also contains bioactive
compounds with complementary antioxidant and protective
properties.

It is important to note that the cellular effects were seen at
very low doses of Cyactiv, emphasizing that the potency is such
that similar effects would be expected after consumption.

Cyactiv is a natural extract that promotes cellular processes
involved in healthy immune and inflammatory responses. The
extract lends itself to a multi-faceted approach to improving
wellbeing and active living.

Antioxidant capacity of Cyactiv
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Mechanism of action
Cyactiv has several synergistic mechanisms of actions
pertaining to its inflammation-modulating properties:
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Phycocyanin is responsible for the COX-2 inhibiting
property of Cyactiv
Compounds other than Phycocyanin (“Non-PC Fraction”)
inhibit inflammatory actions by a different pathway, namely
by inhibition of the enzyme Lipoxygenase

Phycocyanin
Fraction

COX-2 Inhibition

NonPhycocyanin
Fraction

+

Lipoxygenase Inhibition

0.3125 g/L

0.625 g/L

2.5 g/L

Figure 3. The total antioxidant capacity of Cyactiv was evaluated in the
Folin-Ciocalteu assay. The antioxidant capacity was 30 mg GAE/gram
Cyactiv. The dose range where Cyactiv displayed antioxidant capacity
(this graph) overlapped with the dose range showing cellular antioxidant
protection (see table below).

The antioxidant capacity of Cyactiv was tested in the
Folin-Ciocalteu assay, which is widely used to test and
compare antioxidants in fruit, berries, wine, and many
nutritional products. The antioxidant capacity of Cyactiv
exceeded that of an 80% pure phycocyanin-rich extract,
suggesting that antioxidant compounds other than
Phycocyanin contribute to the total antioxidant capacity
of Cyactiv. When the non-phycocyanin fraction was tested,
this had an even higher antioxidant capacity per gram dried
material than phycocyanin alone.

Reducing free radicals

Total antioxidant capacity*

Free radicals are reactive molecules that disrupt chemical
structures in the body, including cells, cellular substructures,
and DNA.

Cyactiv

30

Phycocyanin

27

Non-phycocyanin fraction

40

Cyactiv was tested in a panel of chemical and biological assays
to examine its complex role in helping to reduce the level of
free radicals. The tests showed that Cyactiv provides:

1.25 g/L

*Total antioxidant capacity was measured using the Folin-Ciocalteu assay.

Antioxidant capacity
Cellular antioxidant protection of live cells when exposed
to free radical stress
Reduction of the production of free radicals by
inflammatory cells under oxidative stress
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Cellular processes supported by Cyactiv

Cellular antioxidant protection CAP-e
30

Phycocyanin

25
20

mg GAE/gram

The cellular effects of some COX-2 inhibitors extend to the
disturbance of natural processes involved in tissue integrity
and regeneration, as well as immune surveillance.
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Figure 4. The cellular antioxidant protection was evaluated using the
CAP-e bioassay. The graph shows the cellular antioxidant protection
displayed by phycocyanin (dark blue) compared to the non-Phycocyanin
fraction of Cyactiv. It can be seen that phycocyanin as well as the nonphycocyanin fraction contributed robustly to the cellular protection
from free radical damage.

Cyactiv treatment of inflammatory cells resulted in reduced
free radical formation by these cells. As a cellular model,
peripheral blood polymorphonuclear cells from healthy
donors were used to test this effect.
A clear dose-dependent inhibition of formation of Reactive
Oxygen Species (ROS) was seen when the cells were treated
with Cyactiv before triggering ROS formation.

Reduction in free radical formation
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Several data has shown that Cyactiv enhances specific tissue
regenerative factors that are suppressed by some COX-2
inhibitors. A panel of assays was applied to examine the effects
of cellular exposure to Cyactiv. The panel demonstrated that
Cyactiv has the following effects on human cells from healthy
blood donors:
1.

Supports GM-CSF production, a growth factor involved in
maintaining healthy gastric mucosa

2.

Has a selective effect on cellular migration, in contrast to
some nondiscriminatory COX-2 inhibitors

Example 1: Production of regulatory and regenerative
cytokines
Granulocyte-macrophage colony stimulating factor (GM-CSF)
promotes epithelial barrier integrityxi and repairxii and is used
therapeutically in situations where the use of COX-2 inhibitors
to control arthritic pain results in gastric mucosal damagexiii.
The blockage of GM-CSF by autoimmune antibodies in Crohn’s
disease is considered a marker of disease aggressivenessxiv. Such
studies indicate that GM-CSF plays an important role in the
regulation of intestinal immune and inflammatory responses.
Some COX-2 inhibitors up-regulate GM-CSF, whereas others
have no effect xv.
When healthy lymphocyte cultures were exposed to Cyactiv
in laboratory cultures, cellular activation resulted in induction
of GM-CSF production. Below are shown the data on cellular
activation and intracellular measurements of GM-CSF.

Figure 5. The treatment with human granulocytes with Cyactiv
prior to exposing the cells to an inflammatory insult resulted in a
reprogramming of the cells such that they produced less free radicals
than cells not exposed to Cyactiv. It is important to note that the
treatment with Cyactiv did not completely shut down the production
of free radicals, and also that the effect was measurable at a dose much
lower than where a direct antioxidant effect was observed (see figures
3 and 4). This suggests additional, regulating roles for compounds in
Cyactiv, beyond a direct antioxidant effect.
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blood cells and are the first line of defense against bacterial
infections. PMN cells are migratory cells. The migratory
behavior is divided into at least two types:

Activation of NKT cells
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a)

Random migration

b)

Directed migration

Random migration is part of normal immune surveillance,
whereas directed migration happens towards specific
chemoattractants. Cyactiv treatment resulted in an
increased immune surveillance activity in immune cells
harvested from healthy blood donors, in a normal culture
environment without inflammatory stimuli. In contrast, in
the presence of an inflammatory chemoattractant, Cyactiv
reprogrammed the same cell type to a reduced migratory
behavior. See figure 7 below.

Untreated cells

Immune surveillance migration activity
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0.20 g/L
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Figure 6. Effects of Cyactiv exposure on healthy human lymphocyte
cultures, resulting in CD3+ T cell activation (top panel) and production
of GM-CSF (bottom panel).
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Polymorphonuclear (PMN) cells play a role in immune
surveillance as well as infiltration into sites of inflammation.
In the blood circulation, PMN cells account for 70% of white
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Cellular migration toward LTB4

Example 2: Cyactiv affects migration of immune cells
Some COX-2 inhibiting compounds strongly inhibit the
normal healthy migration of immune cellsxvi. This migration
is a critical part of our immune surveillance program. In
contrast, Cyactiv supports healthy cellular migration as part
of immune surveillance, and only selectively and partially
inhibits migratory behavior in response to an inflammatory
insult. It is important that Cyactiv shows a selective effect
on immune cell migration, and supports normal immune
surveillance behavior in laboratory experiments.
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Figure 7. Cellular migratory behavior in the presence of Cyactiv in two
different culture conditions. The two graphs are based on data from the
same cell type from a healthy human blood donor. The top graph shows
the dose-dependent increase in cellular migration of polymorphonuclear
cells exposed to Cyactiv, as a model for immune surveillance behavior.
The bottom graph shows the dose-dependent suppression of directed
migration in response to inflammatory mediators, which reflects, for
example, the recruitment of inflammatory cells to arthritic joints and
other inflamed tissue.
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Human clinical data

Reduction in secondary pain when active

Study I: Open-label pilot study (1 gram daily dose)
Study II: Placebo-controlled dose study, using a cross-over
design (500mg, 250mg, placebo)
Study III: Placebo-controlled, parallel-arm study on safety
and comfort during physical activity (1 gram daily dose)
Study participants in all three studies had mild-to-moderate
pain in distinct areas associated with joint and muscle
discomfort during physical activity. The data collection involved
assessment of pain scores for each person’s area of primary and
secondary pain during physical activity. Significant improvement
in comfort during physical activity was seen in all three studies.
Data showed:
Increased comfort during physical activity
Increased ability to perform various activities for daily
living
Improved quality of sleep

Change in pain score

Three clinical studies have been completed on Cyactiv:

-10

p<0.08
-20

Safety

Data from the randomized, double-blind, placebo-controlled
parallel-arm study (Study III) is shown below.

Generally Recognized As Safe (GRAS)
Well tolerated (no gastric discomfort)
Serum Pepsinogen I and II (suggested risk markers
associated with gastrointestinal side effects with use of
COX-inhibiting compounds) were not altered over 4 weeks
daily consumption
Blood chemistry unchanged over a 4-week period,
including bilirubin and liver enzymes

Reduction in primary pain when active

Change in pain score

Cyactiv

Figure 8. Results from Study III: A randomized, double-blind, placebocontrolled parallel-arm study. In the two graphs above is shown the
reduction in pain scores during physical activity after 2 weeks of consuming
either placebo or Cyactiv (1 gram/day). Each study participant’s anatomical
area of primary and secondary pain was identified at study start, and tracked
at later visits. Pain was scored using visual analogue scales (VAS) where “0”
indicated pain-free, and “100” indicated the worst pain imaginable. The
reduced pain (increased comfort) during physical activity was statistically
significant for the primary pain complaints (p<0.03), and reached a
statistical trend for secondary pain complaints (p<0.08).

As part of Cerule’s commitment to ongoing research on
the product, pilot work is currently underway to evaluate
acute effects. Pilot data suggests acute effects on pro- and
anti-inflammatory markers and regenerative cytokines.

Placebo

Placebo

Cyactiv has been tested for different aspects of safety in lab
tests and in clinical trials.

Increased physical energy levels

0

0

Cyactiv

-10

No changes in blood pressure or electrocardiogram
readings over 4 weeks
No changes to leukocyte, erythrocyte, or platelet
parameters over 4 weeks daily consumption

-20

No changes in fibrinogen levels in the blood circulation

-30
p<0.03

No interference with fibrin clotting or fibrinolysis time in
the Euglobulin assay

-40
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Contrary to popular perception, the enzymatic inhibition
of COX-2 is not conclusively linked to an anti-inflammatory
response in vivo. In contrast, some pharmaceutical COX-2
inhibitors are known to induce pro-inflammatory cytokines in
healthy humansxvii. The complex effects of compounds that may
inhibit COX-2 enzyme on one hand, but may also affect other
cellular functions in the body, is not fully understood. However,
it is clear that some NSAIDs, even though they inhibit COX-2,
promote pro-inflammatory reactionsxvii.
COX-2 inhibition results in reduced levels of prostaglandins.
Prostaglandins are known to play a role in the regulation of
the blood flow in the kidneys and maintenance of glomerular
filtration. Therefore, in some people the use of COX-2

inhibitors may affect kidney function, leading to salt retention,
edema, and increased blood pressure. It is therefore important
that 4 weeks of daily consumption of Cyactiv did not change
serum bilirubin levels, nor did it affect the glomerular filtration
or blood pressure.
Many COX-2 inhibitors—whether natural or synthetic—do
not affect serum levels of C-reactive protein (CRP). However,
some pharmaceutical NSAIDs such as naproxen was shown
to result in a decrease of CRP, whereas use of Lumiracoxib
resulted in a significant increase in CRPxviii. It is therefore
important that Cyactiv did not show any changes in serum
CRP levels in healthy populations after 4 weeks consumption.

Cyactiv has undergone continuous clinical and laboratory evaluation for safety and efficacy for
the past 5 years.
Self-affirmed
GRAS

GRAS:
“No-questions”
letter from FDA

2009

2010

2011

2012

2013

2014

Clinical pilot
study N=12

Clinical dose
study N=12
1 week
(cross-over)

Placebocontrolled
trial N=24

Serum
testing

4 weeks

Serum
testing
for safety
markers

Clinical dose
study for
acute effects

Proof-of-concept:
• Increased comfort
during physical
activity
• Well tolerated
(no gastric
complaints)
• Positive cellular
effects in vitro

Safety related to
COX-2 inhibition:
• No changes
to Pepsinogen
I and II

Verification:
• Rapid (1 week)
improvement
in ability to
comfortably
perform activities
of daily living

4 weeks

Safety related to
COX-2 inhibition:

Safety related to
COX-2 inhibition:

Rapid modulating
effects:

• No changes to
bilirubin or liver
enzymes

• No long-term
changes to
inflammatory
markers, unlike
some NSAIDs

• Changes in
regulator
cytokines within
1-2 hours
following
consumption

• Antioxidant
protection
and free radical
reduction in vitro
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